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The Angiotensin Converting Enzyme DD
Genotype is Associated with Preserved Right
Ventricular Function in Patients with Severe
Primary Pulmonary Hypertension
William T. Abraham, Mary V Raynolds, DaVid B. Badesch, Brian D. Lowes, Bertran
M. Groves. Kristine M. Wynne, Norbert F Voelkel. M. Benjamin Perryman, Michael
R. Bristow. University of Colorado Health Sciences Center. Denver. Colorado
A polymorphic marker within the ACE gene has been found to correlate with
circulating and tissue ACE activities and with the incidence of severe pul-
monary hypertension (Abraham et ai, JACC 1994; 23: 177A). While the as-
sociation of the ACE 00 genotype and pulmonary hypertension suggests
± l' vs -78 ± 1 mY). Thus, more positive MYO-MPs were observed; partic-
ularly during active MYO relaxation. The abnormalities in the MYO-MP and
MYO contractile relationships were not normalized with ,ll-AR stimulation.
Cardiac motion results from the complex interaction of individual muscle
fibers organized into layers. Epicardial (epi) fibers are aligned with the direc-
tion of endocardial (endo) torsion and principal strain (PS) angle. suggesting
an influence on endo function. Therefore, we hypothesized that selective in-
hibition of epi function will alter endo deformation. Twelve open chest dogs
underwent continuous pericardia I lavage at baseline (BLI and with heating
of the lavage fluid (HT), while the blood temperature was held constant.
Heating decreases contractile function. Imaging was performed at BL and
at HT and included 4 short axis images with 4 radially prescribed tags and 4
long axis images with 4 parallel transverse tags. Gradient echo images were
obtained at end-diastole and end-systole. The tag-endo and tag-epi intersec-
tions were located and reconstructed into 24 3-0 myocardial cuboids for 3-0
finite strain analysis. Torsion was measured as the apex to base difference in
rotation about the cavity centroid at end-systole. Results compare the free
wall (exposed to heated lavage) at BL and at HI Results: Lavage tempera-
ture increased from 357" ± 1.2 at BL to 40.0' ± 0.7 at HT Ip < 0.001). As
a direct result of the heating, epi torsion and PS magnitude decreased from
_4.1 0 ± 3.0 to _1.40 ± 2.4 (p < 0.02) and from -0.10 ± 0.03 to -0.08 ± 0.03
(p < 0.001 L respectively. Although blood and therefore, endo temperature
was constant (34.7") at both BL and HI. endo torsion and PS magnitude de-
creased from _9.1 0 ± 68 to -2.5 ± 4.9 (p = 0.002) and from -0.29 ± 0.06 to
-0.23 ± 0.10 (p < 0.05), respectively. Wall thickening decreased from 30.8%
± 14.3 to 18.5% ± 17.6 (p = 0.004). In the septum (unexposed to heated
lavage) torsion, PS and thickening were unchanged. In conclusion, selective
inhibition of epicardial function by augmented temperature caused a signif-
icant decline in endocardial torsion and PS magnitude, local measures of
endocardial function, demonstrating the important contribution of epicardial
function to endocardial deformation.
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Summary: In this model of dilated cardiomyopathy, significant alterations
in myocyte contractile function and action potential characteristics were ob-
served. These alterations in the temporal relationship between myocyte elec-
trical and mechanical events may be a fundamental contributory mechanism
responsible for the contractile dysfunction observed in this model of car-
diomyopathic disease.
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Background: Exercise-induced angina (demand ischemia (01)) causes an
acute increase in LV diastolic chamber stiffness ItOCS). via a mechanism
that may involve i) diastolic persistence of excessive cytosolic Ca2+ (partic-
ularly from incomplete resequestration by an energy limited sarcoplasmic
reticulum (SR)) with continued cross-bridge cycling, or ii) rigor force from
ATP depletion. Aim To determine the nature of the tension underlying tOCS
in 01.
Methods and Results: A) Oiastolic anginal physiology was created in iso-
lated isovolumic (balloon-in-LV) blood perfused rabbit hearts. Tachyardia (T:
7 Hz) imposed during restricted coronary blood flow (30% of baseline) in-
creased OCS (ie isovolumic LVEOP) 7-9 mmHg after 15 ± 1 min (n = 381,
increased lactate production (pre-T vs post-T: 0.12 ± 0.03 vs 0.45 ± 0.03
J.LM/min/gL Vww, p < 0.001) without increasing oxygen extraction. tOCS
was reversible on reperfusion, similar to patients with angina. B) Ouring the
state of tOCS, brief intracoronary (ic) infusion of saline (S, n = 7) was com-
pared to 50 mM ammonium chloride (NH4C1, n = 7) and to 14 mM Ca2+ In
= 6). Function was similar during low-flow ischemia pre-T (LV systolic pres-
sure (LVSP)/LVEDP S = 67/18 vs NH4 CI 58/17 vs Ca2+ 67/17 mmHg, NS) and
post-T (S = 38/25 vs NH4C1 39/26 vs Ca 2+ 43/24 mmHg, NS). i) NH4CI ex-
erted a biphasic effect on LVSP over 2.5min (LVSP maximum increase to 70
± 4, P < 0.001, followed by decrease to minimum 52 ± 2mmHg, p < 0.0011
commensurate with an action as an intracellular alkalinising and then acid-
ifying agent, to alternately increase and decrease myofilament Ca2+ sensi-
tivity. However LVEOP remained unaffected suggesting tOCS was not Ca2+
dependent. ii) Ca2+ increased LVSP (S vs Ca2+ 57 ± 3 vs 97 ± 5 mmHg,
p < 0.001). decreased OCS (LVEOP S vs Ca 2+ 25 ± 1 vs 21 ± 1 mmHg, p i
0.001). and increased relaxation rate (-dP/dt/P 13 ± 1 vs 10 ± lis, p < 0.005).
Hence Ca2+ resequestration capacity during a state of tOCS was intact and
capable of acceleration, consistent with a functional and responsive SR. C)
To further investigate the nature of tOCS we applied a method novel to the
isolated heart with a quick (0.5s) stretch-release (OSR) of 25% of intraventric-
ular balloon volume in three groups of hearts with tOCS i) classic rigor with
zero-flow ischemia ii) ic infusion of 5 mM caffeine and 5 mMCa2+ (producing
Ca2+ activated tOCS) and iii) in 01. OSR instantly lysed increased diastolic
tension during zero-flow ischemia ILVEOP pre-vs post-OSR 27 ± 1 vs 17 ± 1
mmHg, p < 0.0011, and also in 01 (27 ± 2 to 15 ± 1 mmHg, p < 0.001). By
contrast, LVEOP was unaffected by OSR during Ca 2+ activated tOCS (28 ±
1 to 26 ± 1 mmHg, NS). Hence, tOCS in 01 behaved as a rigor tension with
OSR.
Conclusion In 01, neither does t OCS behave as a Ca 2+ activated tension
nor is subcellular Ca 2+ reuptake disabled. Rather, tOCS displays properties
of a rigor force which may produce ischemic diastolic dysfunction in 01.
Changes in myocyte (MYO) membrane potential (MYO-MPI are major de-
terminants in contractile processes. We hypothesized that the development
of dilated cardiomyopathy (OCM) will cause specific changes in MYO-MPs
and be directly associated with well defined abnormalities in MYO contrac-
tile events. Simultaneous indices of isolated MYO-MP (resting, RMP; max
upstroke velocity, Vmax; time to 90% repolarization, AP090 1and contrac-
tion (velocities of shortening, VELSHT; and relengthening, VELLEN) were ob-
tained in 7 pigs with OCM (pace 240bpm; 3wks) and 7 control (CON) pigs at
baseline (BAS) and with ,ll-AR stimulation (25 nM isoproterenol) using micro-
electrodes and high speed videomicroscopy.
Baseline MYO-MPs recorded from a control and a OCM MYO are shown in
Figure 1. MYO-MPs at peak MYO contraction and at end of MYO contraction
were higher with OCM compared to CON (-48 ± 4' vs -65 ± 3 mY; and -71
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